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Introduction 

We  studied  blends  ol  syndiotactic  1,2  potybutadiene  (PBD)  and 
trans  1,4  PBD  in  order  to  understand  the  behavior  of  binary  blends  of 
semi-crystalline  materials.  The  two  component  homopolymers  are 
non  polar  and  are  isomers  of  each  other,  thus  these  blends  constitute 
a  model  system  for  studying  structure-property  relationships.  A 
second  goal  of  the  work  was  to  determine  whether  amorphous 
1,2/1, 4  PBD  diblock  copolymer  had  the  ability  to  compatibilize  blends 
ol  the  two  homopolymers.  To  prepare  the  blends,  the  components 
were  mixed -in  a  mutual  solvent  and  then  precipitated  in  methanol. 
Compared  to  spin-casting,  the  precipitation  procedure  led  to  more 
intimate  mixing  of  the  polymers,  and  thereby  enhanced  blend 
properties. 

Over  twenty  years  ago,  polymer  scientists  showed  that 
diblock  copolymers  can  compatibilize  binary  blends  of  the  two 
homopolymers  that  comprise  the  diblock  and  thus  enhance  the 
properties  of  those  blends.1  The  work  presented  here  is  an  extension 
of  studies  of  spin-cast  blends  of  amorphous  1.4  and  1.2  PBD 
homopolymers.2  We  have  added  the  facet  of  homopolymer 
crystallization  to  the  problem.  However,  rather  than  add  a  perfectly 
matched  diblock  copolymer  where  the  blocks  also  have  the  ability  to 
crystallize,  we  have  chosen  to  study  the  behavior  of  an  al'-amorphous 
1,2/1 ,4  PBD  diblock  in  semi-crystalline  blends  of  syndiotactic  1,2 
PBD  and  trans  1,4  PBD.  The  question  we  can  thus  answer  is  whether 
or  not  the  blocks  of  the  amorphous  diblock  copolymer  have  the  ability 
to  mix  with  and  emulsify  the  amorphous  portions  of  the  semi- 
crystalline  homopolymers. 


Materials,  and  Sample  PLeparaLion 

Two  homopolymers  and  two  diblocks  were  used  in  this  study 
and  were  obtained  from  the  Goodyear  Tire  and  Rubber  Company 
(Akron,  OH).  Characterization  of  the  homopolymers  is  discussed 
below.  The  first  diblock  copolymer  we  studied  (referred  to  as 
30/50)  has  a  1,2  block  wilh  MW  30K  and  a  1,4  block  with  MW  50K. 
This  diblock  copolymer  is  heterogeneous,  i.e.  the  blocks  exhibit 
microdomain  phase  separation.  The  other  diblock  (referred  to  as 
30/200),  the  1,2  block  has  MW  30K  and  1,4  block  has  MW  200K. 
This  diblock  is  homogeneous,  the  blocks  do  not  undergo  microdomain 
phase  separation.2 

Blends  were  prepared  by  stirring  1  gram  total  of  polymer  in 
50  ml  of  letralin  (1 ,2,3,4  tetrahydronapthalene)  at  135°C.  After  one 
hour  of  mixing,  the  solution  was  dripped  into  cold  methanol.  The 
precipitate  was  filtered  and  dried  at  room  temperature  in  a  vacuum 
oven  until  it  reached  constant  weight.  The  precipitates  were  then 
compression-molded  in  the  melt  state  at  200°C. 


Results  and  Discussion 


Mv  of  the  syndiotactic  1,2  PBD  is  32K  g/mol,  Mv  of  the  trans 
1,4  PBD  is  400K  g/mol.  The  syndiotactic  material  has  a  melting  point 
(Tm)  of  190°C  and  a  glass  transition  around  25*0.  The  trans  material 
melts  around  140°C  and  its  Tg  is  approximately  -80°C.  Both 
materials  are  about  40%  crystalline  when  quenched  to  25°  from  the 
melt  and  both  exhibit  cross-linking  and  degradation  above  200°C. 
TEM-determined  lamellar  spacing  is  approximately  1000  angstroms  in 
the  syndio  component  and  200  angstroms  in  the  trans  material. 

For  all  binary  blends  of  syndio  1,2  PBD  and  trans  1,4  PBD,  we 
found  two  melting  points,  thus  neither  eutecticity  nor  isomorphism 
occurs  in  this  system.  Theoretical  calculations  predict  that  binary 
blends  of  syndio  1,2  PBD  and  trans  1,4  PBD  are  heterogeneous  below 
and  well  above  the  melt  region.  This  prediction  was  verified  by  the 
presence  of  two  glass  transitions  for  all  blend  compositions  tested. 
The  Tm  and  Tg  of  the  trans  component  were  slightly  lowered  by  the 
presence  ot  the  syndio  component,  while  the  syndio  component  was 
relatively  unaffected  by  the  presence  of  the  trans  component.  These 
results  occurred  presumably  because  the  syndio  crystallized  first  and 
independently  upon  cooling  from  a  heterogeneous  melt  state  following 
the  compression-molding  process. 

Light  microscopy  and  transmission  electron  microscopy  show 
that  the  syndio  and  trans  are  relatively  well  mixed  for  a 
heterogeneous  blend,  with  domains  on  the  order  of  about  1  micron. 
Instron  tensile  data  show  that  mechanical  properties  of  these  blends 
are  intermediate  between  those  of  the  homopolymers,  as  opposed  to 
worse  than  either  of  the  homopolymers  as  in  other  phase-separated 
blends  having  larger  homopolymer  domain  sizes.  However,  three 
binary  blend  compositions  out  of  five  split  into  layers  while 
undergoing  tensile  tests. 

The  intimate  mixing  in  our  blends,  and  the  resulting  predictable 
mechanical  behavior,  seems  to  be  the  result  of  the  precipitation 
procedure.  In  earlier  work  with  amorphous  PBDs  prepared  by  spin¬ 
casting,  domain  sizes  were  on  the  order  of  5-10  microns  and  the 
mechanical  properties  of  their  blends  were  not  as  good  as  the 
component  homopolymer  mechanical  properties.2 

A  number  of  blends  with  either  the  30/50  or  30/200  diblock 
copolymers  were  also  studied.  The  "ternary"  diagram  in  Figure  1 
illustrates  the  compositions  prepared  and  tested  for  each  of  the  two 
diblock  copolymers.  Rheovibron  data  show  that  there  are  still  at 
least  two  glass  transitions  in  blends  containing  both  homopolymers 
with  either  diblock,  therefore  our  amorphous  diblocks  did  not 
homogenize  the  two  homopolymers  in  these  blends.  Yet  the  presence 
of  diblock,  as  well  as  the  type  of  diblock  added,  affects  the  1,4  PBD 
glass  transition  of  the  blend.  Thus  the  diblock  seems  to  have  more  of 
an  effect  on  the  trans  1.4  PBD  component  than  on  the  syndio  1,2  PBD 
component. 

The  mechanical  properties  of  the  ternary  blends  indicate  that 
the  diblocks  give  a  rubbery  character  to  the  blends:  Percent  strain  at 
fracture  increases  and  stress  at  fracture,  yield  stress,  and  the 
modulus  all  decrease  as  diblock  content  increases.  In  two  ternary 
blends  with  diblock  content  less  than  10%,  the  layered  splitting  effect 
that  occurred  with  the  binary  blends  was  seen  again,  regardless  of 
which  diblock  was  present.  Above  10%  diblock  content,  this 
phenomenon  was  not  observed. 
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Conclusions 


Despite  the  isomeric  nature  o(  the  two  homopolymers,  we 
have  found  that  binary  blends  of  syndiolactic  1.2  PBD  and  trans  1.4 
PBD  are  heterogeneous  for  all  temperatures  below  that  at  which  the 
materials  crosslink  and/or  degrade.  Crystallization  and  the  glass 
transition  of  the  trans  component  are  affected  by  the  presence  of  the 
syndio  component  but  the  opposite  is  not  true  because  syndio 
crystallizes  first  from  the  melt.  Yet  the  syndio  and  trans  are 
reasonably  well  mixed,  with  domain  sizes  on  the  order  of  1  micron  or 
less,  due  to  the  mixing/precipitation  procedure.  Mechanical 
properties  of  these  precipitated  blends  are  intermediate  between 
those  of  the  two  homopolymers,  whereas  spin-cast  blends  often  give 
blends  with  larger  domains  and  poor  mechanical  properties. 

In  ternary  blends,  the  amorphous  diblocks  do  not  homogenize 
the  two  crystallizable  homopolymers,  but  the  glass  transition  of  the 
trans  component  is  altered  by  the  presence  of  either  diblock.  Again, 
the  thermal  properties  of  the  syndio  component  seem  to  be  relatively 
unperturbed  by  diblock  copolymer.  Yet  diblock  content  at  or  above 
10%  prevented  a  layered  splitting  behavior  observed  during  tensile 
testing  of  three  out  of  five  binary  blend  compositions. 
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1,2/1 ,4  Diblock 


Figure  1:  Ternary  diagram  of  samples  prepared  and  studied. 


